ABSTRACT
INTRODUCTION
valves, stenosis or septal defects [8] .
Sonographic imaging of vessels in Real-time B-mode
Abdominal vessels have tubular structure in the longitudinal plane with well-defined walls. The walls are parallel, hyperechogenic, appearing as thin smooth lines. In the cross-section, the non-compressed vessels appear as circular or oval. The lumen is anechogenic due to the presence of blood, which does not produce an echo by itself ( Fig. 2 ) [12] . At low velocity of flow and sufficient vessel diameter, the aggregated red blood cells can be observed as moving echoes. The two-dimensional real-time image is suitable for the detection of abnormally localised vessels (shunts), measurement of diameter (dilatation) of vessels and thickness of their walls. This image can allow one to identify abnormal intraluminal and perivascular structures (thrombus or tumour). However, a fresh thrombus may not give reflection as well as blood itself [6] .
HAEMODYNAMICS

Flow velocity profiles of arteries
The pulsatile flow in the arteries reaches a maximum velocity during systole and a minimum during diastole.
With the systolic ejection of blood into the aorta result- Source: S z a t m a r i et al. [14] ing in pulsatile character of flow, its continuous flow in the periphery is maintained by the elasticity of the walls of the aorta and large vessels (representing blood reservoirs)
and resistance of peripheral vessels [3] . The blood flow in most blood vessels is laminar, with the blood moving in thin concentric layers or lamellae. The central layers flow the fastest, whereas frictional forces cause energy loss and slowing of the layers near the vessel walls [6] .
The following blood velocity profiles have been described:
the same in the centre of the vessel and near the vessel wall where it is slowed down only moderately (narrow range of frequencies/velocities). As a result, the spectrum is characterised by a thin line in systole that outlines a clear space called a spectral window (empty space between the inner margin of the flow curve and the basal line) [19] .
Blunted parabolic:
This type of flow is basically a combination of the first two types. It occurs in middle-sized arteries (e. g. celiac trunk), the flow is similar to the cylindrical type in the centre of the vessel, however, the flow is more similar to the parabolic type in the peripheral parts of the vessel lumen.
( Fig. 3 ). to the vessel wall, so the distribution of the velocity in the vessel is wide and no spectral window is observed [14] .
Doppler waveforms of blood vessels
The pulsatility of the waveform is related to the vascular impedance downstream to the point of measurement.
Each cardiac contraction causes forward blood flow and distension of the vessel. The subsequent diastolic reverse flow is due to blood rebounding up the aorta as the velocity wave is reflected from the high impedance of the peripheral vascular bed of the hind limbs [15] . As the vessel diameter returns to normal, the rebound energy provides the necessary energy to promote continuous flow in diastole [6, 14] .
These types may occur in the body with both low and high flow velocity. Depending upon the organ, tissue or bodily parts, physiological or pathological waveforms may be obtained [3] .
The following flow patterns have been described: 
MATERIALS AND METHODS
Doppler ultrasonographic examinations of the vessels
aa. renales and a. femoralis were carried out in a group of 10 clinically healthy dogs weighing 7-26 kg (3 West Highland Terriers of age 5-9 years, weighing 7-8 kg, and 7 medium size mongrels of age 3-9 years, weighing15-26 kg).
The same parameters of the a. carotis communis were measured in 6 Miniature Schnauzers of age 2-6 years, weighing 6-8 kg.
After arrival at the clinic, the prospective dogs were allowed to acclimatize and get used to the new environment for 5-10 minutes. Those that reacted wildly to stress factors (manipulation of the animals, unknown environment, length of the examination) were excluded from the study.
The selected dogs were examined without sedation after fasting for 12 hours, using an ultrasonographic apparatus Aloka Profound Alpha 6, equipped with linear (5-16 MHz) and microconvex (5-10 MHz) probes.
RESULTS
The Doppler ultrasonographic examinations of the a. femoralis revealed a high resistance flow pattern and a cylindrical flow velocity profile with a spectral window.
The systolic peak was followed by a retrograde flow in early diastole and then again by forward flow and lower reverse flow and ended by a forward flow (Fig. 4) . The spectral pattern of the a. femoralis showed a waveform corresponding to the respiratory movements, heart action or transfer of pulsatility from the adjacent artery ( The spectral pattern of a. carotis communis was specific.
The systolic peak was broader with small, not very evident spectral window (blunted parabolic flow velocity profile).
The systolic peak was not followed by a retrograde wave 
DISCUSSION
In veterinary practice, vessels are examined mostly by colour and power Doppler mapping. In cardiology, the spectral Doppler examination is used most commonly. Few Its flow velocity distribution was narrow and the systolic peak was followed by reverse flow in early diastole and then again by forward flow. The mean peak systolic velocity (PSV) in this artery in the study by L e e et al. [7] was 110 ± 17 cm.s According to M a t t o o n and N y l a n d [8] , every value of the RI higher than 0.7 is considered abnormal. Such findings are non-specific and occur in a number of disorders such as acute renal disease, acute tubular necrosis and renal obstruction [8] . The authors conducted a study on 27 dogs without sedation and the upper limits were 0.72 for the RI and 1.52 for the PI. They examined the vessels by the power Doppler technique. The differences in the measured values between the right and left kidneys were insignificant [9] . In the study by O c h o a et al. [10] , the limit for the RI was higher and the results had to exceed 0.75-0.8 to be considered abnormal.
The examination of the RI is important in case of acute
obstructions. An increased RI was recorded 24 hours following the acute unilateral obstruction in dogs, however, due to the high number of false positive and false negative cases the reliability of the RI examination was limited [16] .
Despite that, an increased RI and difference in the RI between both kidneys higher than 0.1 can support a detection of an acute unilateral obstruction in dogs [8] . 
